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SURFACE MAGNET1 C FIELD NOISE MEASUREMENTS 
AT GENEVA MINE 
by 
J . W .  Adams, W.D. Bensema, N . C .  Tomoeda 
Measurements o f  s u r f a c e  magnetic  f i e l d  n o i s e  were 
made a t  v a r i o u s  l o c a t i o n s  o v e r  t h e  Geneva Coal Mine 
n e a r  P r i c e ,  Utah ,  on June 1 2 ,  1973.  The l o c a t i o n s  
s e l e c t e d  were on t h e  s u r f a c e  o v e r  emergency l o c a t o r  
beacons underground a t  d e p t h s  between 350 meters  
(1150 f t  .) and 488  meters  (1600 f t  .) . The s u r f a c e  
t e r r a i n  where t h e s e  measurements were made was 
mountainous,  and a c c e s s  was d i f f i c u l t .  There were no 
power l i n e s  w i t h i n  s e v e r a l  m i l e s ,  and t h e  wea the r  was 
c l e a r ;  t h e r e f o r e ,  t h e  magnetic  n o i s e  l e v e l s  were about  
a s  low a s  w i l l  normal ly  o c c u r .  
R e s u l t s  o f  measurements o f  d i s t a n t  s f e r i c s  i n d i -  
c a t e  r a t h e r  s h a r p  c u t o f f  f r e q u e n c i e s  below which b r o a d -  
band,  impuls ive  n o i s e  i s  a t t e n u a t e d .  The mechanism 
o f  p r o p a g a t i o n  f o r  t h i s  n o i s e  above t h e  daytime c u t o f f  
f requency o f  3500 Hz and t h e  n i g h t t i m e  c u t o f f  f requency 
o f  1700 Hz i s  deduced t o  b e  a  waveguide formed by t h e  
D o r  E l a y e r s  o f  ionosphere  a s  an upper p l a n e  and t h e  
e a r t h  a s  a  lower  p l a n e .  
The measurement sys tems used a r e  s i m i l a r  t o  t h o s e  
used e a r l i e r .  The t e c h n i q u e  i s  t o  r e c o r d  broadband,  
ana log  s i g n a l s ,  d i g i t i z e  t h e  d a t a ,  and use  a  f a s t -  
F o u r i e r  t r a n s f o r m  t o  o b t a i n  s p e c t r a l  p l o t s .  This  t e c h -  
n ique  i s  nove l  i n  t h a t  i t  can measure s i m u l t a n e o u s l y  
a l l  magnet ic  f i e l d  energy w i t h i n  a  l i m i t e d  p o r t i o n  o f  
t h e  spectrum f o r  a  l i m i t e d  t i m e ,  and ,  a f t e r  p r o c e s s i n g ,  
reproduce  t h e  e v e n t s  o c c u r r i n g  i n  t h a t  t ime i n t e r v a l  
i n  g r e a t  d e t a i l  . 
Key words : E a r t h -  ionosphere  waveguide ; e l e c t r o m a g n e t i c  
n o i s e  ; EM1 measurement t echn ique  ; s f e r i c  i n t e r f e r e n c e .  
1 . 0  I n t r o d u c t i o n  
Magnetic  f i e l d  s t r e n g t h  measurements were made on June 1 2 ,  
1973,  o v e r  t h e  Geneva Coal Mine i n  t h e  Book C l i f f  Mountain 
Range e a s t  o f  P r i c e ,  Utah.  The l o c a t i o n s  s e l e c t e d  were on 
t h e  s u r f a c e  o v e r  emergency l o c a t o r  beacons underground a t  
dep ths  between 350 mete r s  (1150 f t  .) and 488  me te r s  (1600 f t  .) . 
The s u r f a c e  t e r r a i n  where t h e s e  measurements were made was 
mountainous,  and access  was d i f f i c u l t .  There were no power 
l i n e s  w i t h i n  s e v e r a l  m i l e s ,  and t h e  wea the r  was c l e a r ;  t h e r e -  
f o r e ,  t h e  magnet ic  n o i s e  l e v e l s  were about  as  low as  w i l l  
no rmal ly  o c c u r .  
The pr imary  purpose o f  t h e  measurements was t o  de te rmine  
s u r f a c e  magnet ic  f i e l d  n o i s e  l e v e l s  s o  t h a t  performance o f  
emergency s u b s u r f a c e  l o c a t o r  beacons o f  t h e  U.S.  Bureau o f  
Mines cou ld  b e  b e t t e r  p r e d i c t e d .  These emergency l o c a t o r  
beacons a r e  l o c a t e d  many hundreds o f  f e e t  underground and 
when a c t i v a t e d ,  g e n e r a t e  magnet ic  f i e l d s  i n  a  p u l s e d - c a r r i e r ,  
o n - o f f  mode f o r  s i g n a l i n g  t o  t h e  s u r f a c e ,  u s u a l l y  i n  emer- 
gency s i t u a t i o n s .  They o p e r a t e  a t  f r e q u e n c i e s  below 3 kHz 
where s i g n a l  a t t e n u a t i o n  through t h e  e a r t h  i s  r e l a t i v e l y  low; 
however,  t h e  beacon s i g n a l s  a r e  g r e a t l y  a t t e n u a t e d  by v a r i o u s  
e f f e c t s ,  and s u r f a c e  n o i s e  becomes a  l i m i t i n g  f a c t o r .  
2 . 0  Measurement Sys tem 
The b l o c k  diagram of  t h e  f i e l d  r e c o r d i n g  measurement s y s -  
tem i s  shown i n  f i g u r e  1. I t  c o n s i s t s  o f  a  b a l a n c e d ,  s h i e l d e d  
loop  a n t e n n a ,  b a l u n ,  f i l t e r ,  and ana log  t a p e  r e c o r d e r .  L a t e r  
i n  t h e  l a b o r a t o r y ,  t h e  ana log  s i g n a l  i s  f i l t e r e d ,  d i g i t i z e d ,  
f a s t  F o u r i e r  t r a n s f o r m e d ,  and p l o t t e d  on m i c r o f i l m .  See 
f i g u r e  2 f o r  t h e  l a b o r a t o r y  p r o c e s s i n g  sys tem.  This  g i v e s  an 
o u t p u t  p l o t  of  one component o f  a b s o l u t e  magnet ic  f i e l d  s t r e n g t h  
v e r s u s  f r equency-  - a  s p e c t r a l  p l o t .  The t r a n s f o r m  may be 
r e p e a t e d  t o  a l l o w  t h r e e  -d imens iona l  p l o t s ,  where t ime  i s  t h e  
a d d i t i o n a l  v a r i a b l e .  
Th i s  sys tem i s  d e s c r i b e d  i n  more d e t a i l  i n  t h e  Robena 
Mine r e p o r t  [ I ] .  
3 .0  E a r t h - I o n o s p h e r e  Waveguide E f f e c t  
on P ropaga ted  Noise 
During t h e  t ime  t h e  measurements were b e i n g  made, t h e r e  
were no v i s i b l e  thunder s to rms  o r  c l o u d s  anywhere i n  s i g h t ,  
and h e n c e ,  t h e  a tmospher i c  n o i s e  was l a r g e l y  t h a t  p r o p a g a t e d  
from d i s t a n t  s o u r c e s .  During d a y l i g h t ,  s t r o n g  s f e r i c s  were 
p r e s e n t ,  p r i m a r i l y  above 3500 Hz, a s  shown i n  f i g u r e  3.  A t  
n i g h t ,  s f e r i c s  came i n  above 1700 H z ,  a s  shown i n  f i g u r e  4 .  
A t h r e e - d i m e n s i o n a l  view g iven  i n  f i g u r e  5  shows more d e t a i l  
o f  t h e  dayt ime s t r u c t u r e .  A s i m i l a r  p l o t  i n  f i g u r e  6  shows 
t h e  n i g h t t i m e  s t r u c t u r e .  Note t h e  2500 Hz and 1900 Hz sub-  
s u r f a c e  c o a l  mine beacon s i g n a l s  i n  f i g u r e  5 .  The 1900 Hz 
beacon i s  a lmos t  obscured  by  t h e  a tmospher i c  n o i s e  a t  n i g h t  
( s e e  f i g u r e  6 ) .  N o t i c e  t h e  s h a r p  c u t o f f  o f  n o i s e  a t  1700 H z  
a t  n i g h t  and t h e  more g r a d u a l  c u t o f f  a t  3500 Hz d u r i n g  t h e  day .  
I o n o s p h e r i c  e f f e c t s  on r a d i o  t r a n s m i s s i o n  have  been w i d e l y  
s t u d i e d  f o r  y e a r s ,  b u t  t h e s e  measurements w i t h  t h i s  new s y s t e m  
show some f r e s h  i n s i g h t s  i n t o  e a r t h - i o n o s p h e r e  waveguide 
phenomena. A d r a m a t i c  and s h a r p  i n c r e a s e  i n  a t t e n u a t i o n  o f  
p r o p a g a t e d  a t m o s p h e r i c  n o i s e  a t  f r e q u e n c i e s  below t h e  waveguide 
c u t o f f  f r equency  ( a s  mentioned above) has  been  o b s e r v e d .  About 
t e n  dB o f  s i g n a l - t o - n o i s e  r a t i o  may be  g a i n e d  by o p e r a t i n g  a t  
a  f r equency  below t h e  waveguide c u t o f f  f r equency  r a t h e r  t h a n  
above t h e  c u t o f f ,  a s  shown by t h e  one example i n  f i g u r e  6 .  
The p~o_bab_~e_p_r-opa~ation .- mechanism i s  a  p a r a l l e l  p l a t e  
waveguide formed by t h e  D o r  E l a y e r s  o f  t h e  i o n o s p h e r e  and 
t h e  e a r t h .  The TE o r  TM modes a r e  e x c i t e d  between t h e  
p a r a l l e l  p l a n e s  and have a  c u t o f f  f r equency  o f  
where c  i s  t h e  v e l o c i t y  o f  l i g h t ,  and a  i s  t h e  s p a c i n g  between 
t h e  p l a t e s  121. 
I f  a  = 88 km, f c  = 1704 Hz, 3408 Hz, . . . . I f  t h e  D 
l a y e r  i s  a b o u t  50 km above t h e  e a r t h ,  and  i f  t h e  E l a y e r  i s  
a b o u t  100  km h i g h  [ 3 ] ,  t h e  c u t o f f  f r e q u e n c i e s  c a l c u l a t e d  a r e  
a p p r o x i m a t e l y  c o r r e c t .  The h e i g h t  o f  maximum i o n o s p h e r i c  
d e n s i t y  may v a r y  somewhat, and  may n o t  be  t h e  e x a c t  d i s t a n c e  
needed  f o r  t h i s  model.  T h i s  phenomenon s h o u l d  b e  f u r t h e r  
i n v e s t i g a t e d ,  a s  i t  r e l a t e s  d i r e c t l y  t o  what f r e q u e n c i e s  t h a t  
s h o u l d  b e  u s e d  f o r  t h e  emergency l o c a t o r  b e a c o n s .  
4 .0  O t h e r  Measured Da ta  
A map o f  t h e  s u r f a c e  i s  shown i n  f i g u r e  7 .  No i se  a t  
l o c a t i o n  B 1 ,  463 m e t e r s  (1520 f e e t )  o v e r  t h e  1900 Hz b e a c o n ,  
i s  shown i n  f i g u r e  8 .  No i se  a t  l o c a t i o n  C 1 ,  442 m e t e r s  
(1450 f e e t )  o v e r  a  1700 H z  b e a c o n ,  i s  shown i n  f i g u r e  9 .  
A l l  t h e  r e m a i n i n g  f i g u r e s  a r e  o f  n o i s e  a t  l o c a t i o n  A l ,  
1150 f e e t  o v e r  a 2500 Hz b e a c o n ,  
F i g u r e s  10 t h r o u g h  1 8  show s p e c t r a  o f  d a y ,  t w i l i g h t ,  and 
n i g h t  n o i s e  t o  10 kHz. F i g u r e  1 3  shows a  d i s t a n t  s f e r i c .  
F i g u r e s  19  t h r o u g h  27 show expanded  s p e c t r a  o f  d a y ,  
t w i l i g h t ,  and n i g h t  n o i s e .  These s p e c t r a  a r e  v a l i d  from 
100 Hz t o  3  kHz. 
Da ta  i n  f i g u r e s  8 t h r o u g h  27 i s  a b s o l u t e  and h a s  an u n c e r -  
t a i n t y  o f  + 1 dB [ I ] .  T h i s  u n c e r t a i n t y  o n l y  a p p l i e s  o v e r  t h e  
f o l l o w i n g  f r e q u e n c y  r a n g e s :  f i g u r e s  8 and  9 ,  300 Hz t o  
2600 Hz; f i g u r e s  10 t h r o u g h  1 8 ,  560 Hz t o  10 kHz; f i g u r e s  19  
t h r o u g h  2 7 ,  100  H z  t o  3  kHz. See  s e c t i o n  9 . 0 ,  Appendix,  f o r  
t h e  code  key  t o  u s e  i n  d e t e r m i n i n g  t h e  meaning o f  t h e  numbers 
i n  t h e  h e a d e r  b l o c k  a t  t h e  t o p  o f  e a c h  s p e c t r u m .  The r e s o l u -  
t i o n  bandwidth  i s  g i v e n  on t h e  o r d i n a t e  o f  t h e  p l o t s .  
5.0 Conclus ions  
The s u r f a c e  n o i s e  a t  a  remote s i t e ,  away from p o w e r l i n e s ,  
w i l l  n o t  be f r e e  o f  power l ine  harmonics ;  t h e i r  ampl i tudes  w i l l  
b e  reduced.  
The e a r t h - i o n o s p h e r e  may p r o v i d e  a  waveguide t o  p r o p a -  
g a t e  d i s t a n t  n o i s e ,  p a r t i c u l a r l y  above 3500 H z  d u r i n g  t h e  day 
and above 1700 H z  a t  n i g h t .  These f r e q u e n c i e s  a r e  v a l i d  o n l y  
d u r i n g  t h e  p e r i o d  covered  by t h e s e  measurements,  a s  i o n o s p h e r i c  
phenomena a r e  q u i t e  t ime , g e o g r a p h i c a l l y ,  and s e a s o n a l l y  
dependent  . 
6.0  Recommendat i o n s  
These l i m i t e d  r e s u l t s  i n d i c a t e  t h a t  emergency l o c a t o r  
beacon f r e q u e n c i e s  shou ld  be s e l e c t e d  below 1700 H z  and b e -  
tween harmonics o f  t h e  60 Hz power l ine  f requency .  
A d d i t i o n a l  measurements shou ld  b e  made o v e r  a  d i u r n a l  
c y c l e  and d u r i n g  each o f  t h e  f o u r  s e a s o n s .  Higher  g a i n  b a l u n s  
and /o r  a m p l i f i e r s  shou ld  be used t o  lower  sys tem n o i s e .  
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Figure  5 Spectrum of magnetic f i e l d  s t r e n g t h  vs .  t i m e .  Antenna 
placed on su r f ace  of ground above Geneva Coal Mine, 
a t .  "Lost-Miner Beacon" pu l se s  showing a t  2500 Hz 
are from a t r a n s m i t t e r  beacon s t r a i g h t  down 351 meters 
(1150 f e e t )  . Pulses  a t  1900 Hz a r e  from a t r a n s m i t t e r  
0.8 k i l ome te r s  (1/2 mi le )  away under 463 meters  (1520 f e e t )  
of overburden. X 
F i g u r e  6 
S o e c t r u m  o f  m a g n e t i c  f i e l d  s t r e n g t h  v s .  t i m e .  A n t e n n a  
 laced nn s u r f a c e  o f  g r o u n d  a b o v e  G e n e v a  C o a l  M i n e ,  
i n .  " L o s t - M i n e r  B e a c q n "  p u l s e s  a t  2 5 0 0  H z  c a n  
s t i l l  b e  s e e n  b u t  t h o s e  a t  1900 H z  a r e  r a r t i a l l y  o b s c u r e d  
b y  t h e  a t m o s ~ h e r i c  p u l s e s  ( I  i g h t n i n g  s t a t i c )  p r q n a g a t i n g  
i n  f r ~ m  o v e r  t h e  h o r i z o n .  T h i s  p l o t  s h r l w s  t h a t  b y  p l a c i n g  
t r a n s m i t t e r  f r e q u e n c y  b e l ~ w  1600 H z ,  a t m o s p h e r i c  
i n t e r f e r e n c e  c a n  b e  r e a u c e d  a t  l e a s t  10 d B ,  a  f a c t n r  
q f  10 t q  I r e d u c t i ~ n  i n  n o w e r .  
Geneva Coal Mine Entrance 
Figure 7 Map of su r f ace  over Geneva Coal Mine. 
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Antenna s e n s i t i v e  a x i s  was v e r t i c a l .  Daytime, June 1 2 ,  1973. 
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9 .0  Appendix 
Decoding o f  Spec t rum C a p t i o n s  
Spec t rum c a p t i o n s  a r e  g e n e r a l l y  o r g a n i z e d  i n t o  t h e  f o l -  
l owing  fo rma t  : 
L 
F i r s t  l i n e :  MP NDT NZS NDA NPO RC DF d a t e ,  t i m e ,  f r a m e ,  s e r i a l ,  
where 
MP = Two's power o f  l e n g t h  o f  F o u r i e r  t r a n s f o r m ,  example ,  
2MP where MP = 1 2  
N D T  = D e t r e n d i n g  o p t i o n ,  example,  0  ( d c  removed) 
NZS = R e s t a r t  s p e c t r a l  a v e r a g e  a f t e r  o u t p u t ,  example ,  0  
( r e s t a r t e d )  
NDA = Data  segment  advance i n c r e m e n t ,  example ,  2048 
NPO = Number o f  s p e c t r a  ave raged  between o u t p u t  c a l l s ,  
example ,  20 
RC = I n t e g r a t i o n  t i m e  i n  s econds  p e r  s p e c t r a ,  example ,  0 .168  
DF = R e s o l u t i o n  bandwid th ,  s p e c t r a l  e s t i m a t e  s p a c i n g  i n  
h e r t z ,  example ,  62 .5  
Date = Date o f  computer  p r o c e s s i n g ,  example ,  03 /21/73  
Time = Time o f  computer  p r o c e s s i n g ,  example ,  15 :06:34  
Frame= Frame s e t  number, example ,  10 
S e r i a l  = Fi lm frame s e r i a l  number,  example,  42.  
Second l i n e :  DTA DA(1) DA(2) DA(3) NSA NRP NPP, where 
DTA = D e t r e n d i n g  f i l t e r  p a r a m e t e r  a ,  example ,  0 .00195 
DA(1) = D e t r e n d i n g  f i l t e r  a v e r a g e ,  K = l ,  example ,  59.4 
DA(2) = D e t r e n d i n g  f i l t e r  a v e r a g e ,  K = 2 ,  example ,  0  
DA(3) = D e t r e n d i n g  f i l t e r  a v e r a g e ,  K=3, example ,  0  
NSA = Number o f  pe r iodograms  a v e r a g e d ,  example ,  20 
NRP = Number o f  d a t a  p o i n t s  p r o c e s s e d  s i n c e  s p e c t r u m  
i n i t i a l i z a t i o n ,  example ,  43008 
NPP = Number o f  d a t a  p o i n t s  p r o c e s s e d  s i n c e  d a t a  i n i t i a l -  
i z a t i o n ,  example ,  43008. 
T h i r d  l i n e  : RUN,  SESSION, MONTH, DAY, YEAR Gain c o r r .  , r e c .  = 
t o t .  c o n s t r .  = ,  where 
Run and S e s s i o n  = t h e  t i t l e  of  t h e  p o r t r a y e d  frame i d e n t i f y i n g  
t h e  d i g i t i z i n g  s e s s i o n  and run  number,  
example ,  2 1  8 3  
Month, Day, Year = d a t e  d a t a  were r e c o r d e d  i n  t h e  mine ,  
example ,  8 25 73 
Gain c o r r .  r e c .  = r e c e i v e r  g a i n  c o r r e c t i o n ,  example ,  - 6  
t o t .  c o n s t .  = c o n s t a n t  g a i n  c o r r e c t i o n  o f  e n t i r e  s y s t e m ,  
example ,  46 . 4  
F o u r t h  l i n e :  C = ,  PG = ,  DG = ,  FG = ,  AG = ,  where 
C = c o r r e c t i o n  c u r v e  used  w i t h  d a t a ,  example ,  25 
RG = r e c e i v e r  g a i n  and accompanying c o r r e c t i o n  i n  dB added t o  
t h e  d a t a ,  example ,  200 ( - 6  dB) 
DG = d i g i t i z e r  g a i n ,  example ,  0  
FG = f i l t e r  g a i n  i n  dB, o f t e n  rounded t o  n e a r e s t  s i n g l e  d i g i t ,  
example ,  0  
AG = a b s o l u t e  g a i n  c o r r e c t i o n  added t o  d a t a ,  example ,  52 
F i f t h  l i n e :  Top of  S c a l e ,  S t a n d a r d  E r r o r ,  S p e c t r a l  Peak ,  where 
Top of  S c a l e  = l a r g e s t  s c a l e  mark ing  f o r  computer  drawn 
4  g r a p h ,  example ,  1 .000+004 (1 .0  x  10 ) 
S t a n d a r d  E r r o r  = s t a n d a r d  e r r o r  of  c u r v e ,  example ,  0 .3162  
S p e c t r a l  Peak = l a r g e s t  s p e c t r a l  peak o b s e r v e d ,  example ,  
4 .108+003 (4 .108  x  l o 3 )  
I I 1 
4. 1'ITL.E AND SIJ13Tll'l.l 15. Pub l i ca t ion  I l a t r  I 
U.S.  DEPT. O F  COMM. 
BIBLIOGRAPHIC DATA 
S H E E T  
SURFACE MAGNETIC-FIELD NOISE MEASUREMENTS AT GENEVA MINE 
6. Performing Organization C o d e  
1. l'UI3I.I(:A?'lON OH K f I ' O K 1 '  NO. 
NBSIR 7 4 - 3 6 9  
J. W. Adams, W. D. Bensema, N. C. Tomoeda 
9. PERFORMING ORGANIZATION NAME AND ADDRESS 110. Projecr /Task/Work Unit No. 
7. AU'SHOR(S) 
NATIONAL BUREAU O F  STANDARDS,  Boulder Labs 
DEPARTMENT O F  COMMERCE 
WASHINGTON, D.C. 20234 
2. Gov't Accc-ssion 
No. 
276.55 
8. Performine Orean. Reoort  No. 
'12. Sponsor ing Organizat ion Name and Complete  Addrr-sx (Street,  C i ty ,  S t a t e ,  Z I P )  
U. S. Bureau of Mines 
P i t t s b u r g h  Mining and Safety  Research Center 
4800 Forbes Avenue 
3. Rec ip i en t ' s  Acccss ion  No. 1 
Covered 
16. ABSTRACT (A 200-word o r  l e s s  f ac tua l  summary of m o s t  s ign i f i can t  information. If document  i nc ludes  a s ign i f i can t  
b ibl iography o r  l i t e r a tu re  su rvey ,  ment ion i t  here . )  
Measurements of s u r f a c e  magnetic f i e l d  n o i s e  were made a t  va r ious  l o c a t i o n s  over 
the  Geneva Coal Mine near P r i c e ,  Utah, on June 12, 1973. The loca t ions  s e l e c t e d  were 
on the  su r face  over  emergency l o c a t o r  beacons underground a t  depths between 350 meters 
(1150 f t . )  and 488 meters (1600 f t . ) .  The sur face  t e r r a i n  where these  measurements 
were made was mountainous, and access was d i f f i c u l t .  There were no power l i n e s  wi thin  
s e v e r a l  mi les ,  and t h e  weather was c l e a r ;  the re fore ,  t h e  magnetic n o i s e  l e v e l s  were 
about as low a s  w i l l  normally occur. 
Resu l t s  of measurements of d i s t a n t  s f e r i c s  i n d i c a t e  r a t h e r  sharp  cutoff  f requencies  
below which broadband, impulsive noise  i s  a t tenuated.  The mechanism of propagation f o r  
t h i s  n o i s e  above t h e  daytime cutoff  frequency of 3500 Hz and the  night t ime cu to f f  
frequency of 1700 Hz is deduced t o  be a waveguide formed by the  D o r  E l a y e r s  of ion- 
osphere as an upper plane and the  e a r t h  as a lower plane. 
The measurement systems used a r e  s i m i l a r  t o  those  used earlier. The technique is  
t o  record broadband, analog s i g n a l s ,  d i g i t i z e  the  da ta ,  and use  a fas t -Four ier  trans- 
form t o  o b t a i n  s p e c t r a l  p l o t s .  This technique i s  novel i n  t h a t  i t  can measure 
simultaneously a l l  magnetic f i e l d  energy wi th in  a l i m i t e d  por t ion of the  spectrum f o r  
a l i m i t e d  time, and, a f t e r  processing,  reproduce the  even t s  occurr ing i n  t h a t  time 
i n t e r v a l  i n  g r e a t  d e t a i l .  
17. KEY WORDS (s ix  to  twe lve  en t r i e s ;  a lphabe t i ca l  order; c a p i t a l i z e  on ly  fhe  f i rs t  l e t t e r  of t h e  f i r s t  k e y  word u n l e s s  a p rope r  
name; separated by semicolons) Ear th-ionosphere waveguide ; elect romagnet ic  no i se  ; EM1 
measurement technique; s f  e r i c  i n t e r f e r e n c e .  
I LZ For  Off ic ia l  Dis t r ibut ion.  Do Not R e l e a s e  to  NTlS I CZ Order  From Sup. of Doc., U.S. Government P r in t ing  Of f i ce  Washington, D.C. 20402. SD Cat.  No. C 1 3  
21. NO. O F  P A G E S  18. AVAILARILITY &- Unlimited 
( UNCLASSIFIED I 1 
19. SECURITY CLASS 
( T H I S  R E P O R T )  
20. SECURITY CLASS 122. P r i c e  1 
Order  From Nat ional  T e c h n i c a l  Informnrion Se rv ice  (NTIS)  
Spr ingf ie ld ,  Virginia 221 51 UNCLASSIFIED 
WM. USCOMM-DC 29042-P74  
